The volume thermal expansion of powdered natural orthoenstatite [(Mg 0.994 Fe 0.002 Al 0.004 ) 2 (Si 0.996 Al 0.004 ) 2 O 6 ] has been measured to 1473 K using energy dispersive synchrotron X-ray diffraction. Over the temperature range examined, the data are consistent with a volume thermal expansion, [ , that linearly increases with temperature as given by the expression [ (T) = 29.7(16) x 10 -6 K -1 + 5.7(11) x 10 -9 K -2 T. An analysis in terms of the often-used constant expansion coefficient yields [ 0 = 34.5(17) x 10 -6 K -1 , which is in good agreement with several previous experimental results on orthoenstatite (Mg 2 Si 2 O 6 ) over a similar temperature range. Our results do not support the extreme upper and lower bounds reported in earlier studies for the thermal expansivity of Fe-rich orthoenstatite, but rather suggest that the thermal expansion of this phase is approximately midway between those extreme values.
Introduction
Orthopyroxene, with a simplified formula of (Mg,Fe) 2 Si 2 O 6 , is abundant in mafic rocks of Earth's crust and upper mantle. Therefore, the behavior of this material at high temperature is important for constraining the properties of such rocks at high temperature, as well as the density of possible upper mantle mineral assemblages. The thermal expansion is also required to calculate elastic moduli from high-temperature velocity measurements, such as those obtained by Brillouin scattering or ultrasonic interferometry. The accuracy of high-temperature elasticity results is directly linked to the accuracy with which the thermal expansion is known (e.g., Jackson et al., 2000; Li et al., 1998; Isaak et al., 1992) .
Numerous previous studies, using a variety of experimental techniques and sample compositions, have been carried out to determine the thermal expansion of orthoenstatite. The results of those studies are most often presented in terms of a constant volume thermal expansion coefficient ( [ 0 ), with reported results ranging from 20.8(16) to 47.7 × 10 -6 K -1 (Table 1) . It is not known whether the broad range of reported expansivities is due to the different types of samples used (e.g., polycrystalline versus single crystals), differences in the measurement methods, differences in the chemical compositions of the samples, or combinations of all these factors.
Given the high level of uncertainty implied by the previous results, we undertook an experimental study of the volume thermal expansion of Mg 2 Si 2 O 6 orthoenstatite with near end-member composition, by powder X-ray diffraction using synchrotron radiation.
Experimental

Sample description
The orthoenstatite crystals used in this study are from Zabargad Island, Egypt (Kurat et al., 1993) . The specimens consisted of colorless, euhedral, gem-quality orthoenstatite crystals. Electron microprobe analyses (EMPA) were performed to determine the composition, using a Cameca SX-50 instrument in wavelength-dispersive mode. All EMPA runs were performed with an accelerating voltage of 15 kV and a probe current of 25 nA. Counting times on peak and background were 10 to 20 s for the following elements: Ti, Cr, Mg, Al, Si, Ca, Fe, and Mn K [ . Identical analytical conditions were used to analyze both the standards and the orthoenstatite crystals. All iron is assumed to be FeO. The average of nine EMPA analyses for three crystals gives the following results in weight percents (standard deviations obtained from analyses on three orthoenstatite crystals are reported in parentheses): SiO 2 , 58.7(5); MgO, 40.2(4); Al 2 O 3 , 0.4(1); FeO, 0.16(4); Cr 2 O 3 , 0.03(1); CaO, 0.010(7); MnO, 0.01(1); and TiO 2 , 0.004(5). A 100 s energy-dispersive scan indicated that no elements with Z greater than eight, other
